ABSTRACT: The distribution pattern of microhabitat and diet was studied in 4 species of sea urchins (Loxechinus albus, Pseudechinus magellanicus, Arbacia dufresnei, Austrocidaris canaliculata) in a forest of Macrocystis pyrifera in southern Chile. We conclude that: (1) There is no overlap in space utilization (microhabitat) except for the species pair P. magellanicus -A, canaliculata. (2) All 4 species of sea urchins feed on M. pynfera in different percentages; this results in a high diet overlap in at least 3 of them; however, this resource does not appear to be limiting. (3) Neither competition among adults nor predation on adults appears to be a key factor in regulating the present population densities of the four species of sea urchins in the habitat studied. Our results further indicate that differences in intensity of water movement, correlated with bathymetric distribution, regulate population density, size of test and biomass in these four species.
INTRODUCTION
Sea urchins are among the major grazers structuring communities of kelps in shallow waters of the Northern Hemisphere (Leighton et al., 1965; Jones and Kain, 1967; North and Pearse, 1970; Lawrence, 1975; Foreman, 1977; Mattison et al., 1977; Vadas, 1977; Dmehl, 1978; Pearse and Hines, 1979; Vance and Schmitt, 1979) . In some cases grazing by sea urchins limits the bathymetric distribution of kelps (Jones and Kain, 1967; Foreman, 1977; Druehl, 1978) , in others, it modifies the patterns of distribution of understory vegetation reducing the local abundance (Vance, 1979; Vance and Schmitt, 1979) or even leads to large-scale 'barren grounds' (Leighton et al., 1965; North and Pearse, 1970; Breen and Mann 1976a, b; Chapman, 1981) . The densities of sea urchins, in turn, are thought to be regulated by predation, especially by sea otters in the North Pacific (Lowry and Pearse, 1973; Estes and Palmisano, 1974; Estes et al., 1978; Duggins, 1980) and lobsters in the northern Atlantic (Breen and Mann, 1976a) . Removal of these predators has resulted in a substantial increase in the densities of grazers which, in turn, has changed the distribution of the kelp plants (reviewed by Lawrence, 1975) .
In the coastal kelp forest of Macrocystis pyrifera at O Inter-Research/Printed in F. R. Germany
Puerto Toro, Navarino Island, in the Beagle Channel there are 4 species of sea urchins: Loxechinus albus (Molina), Arbacia dufresnei (Blainville), Pseudechinus magellanicus (Philippi), Austrocidaris canaliculata (Agassiz). Castilla and Moreno (1982) did not identify any predator that might be controlling the population densities of these 4 species. Regulation of the densities of these species therefore may result from competitive interactions. In the absence of enough time and logistic facilities to evaluate experimentally competitive interactions we measured the pattern of distribution of diets and microhabitat of all four species. These measurements provided a means of evaluating the degree of overlap and the possibilities of interspecific competition for a given resource among the species if this were limiting. In this study we report such measurements and suggest coexistence of the 4 sea urchin species with clear separation of the microhabitat used and the diet consumed by the 4 species.
MATERIAL AND METHODS
The 4 species of sea urchins were sampled by SCUBA diving (Sep and Nov, 1979; Jan, Apr and Jul, 1980) Island (55O4'24"S; 67O3' 50" W) (Fig. 1) . For a more detailed description of the study site and of the forest of M. pyrifera see Santelices and Ojeda (1984) .
The basic sampling unit was a 2 m wide, 50 m long transect, extending from the coastline to the seaward edge of the forest. The transect was regularly divided into 10, 5 m long, 2 m wide sampling units as shown in Fig. 2 . All the sea urchins found in each sampling unit were collected, placed in previously tagged sampling bags and transported to the field station. There they were counted, wet weighed and the diameter of test measured. Observations on the spatial distribution and microhabitat utilization of the 4 species were simultaneously recorded along each transect. The localization of the 4 species of sea urchins was noted in relation to 4 types of microhabitat defined as: on boulders, in holdfasts, under boulders and in crevices. Sampling was performed at two different sites, each with different intensities on water motion. Punta Oriental (Fig. 1) was selected as the exposed locality while Zona Canalon was selected as the sheltered habitat. Water movement in both places was measured by dissolution rates of 6 calcium sulfate blocks of 43 to 44 g of dry weight mounted on diving leads and placed at each sampling station for 24 h as recommended by Doty (1971) . It is assumed that the loss of weight of the blocks is a function of the dissolution rates produced by water movement (Muus, 1968; Doty, 1971) . Because of logistic difficulties, we could not follow the calibration procedures indicated by Doty (1971) to obtain diffusion values. Therefore we calculate our results as the percentage of the original weight lost by the blocks during the 24 h of exposure in the field. To study the diet, the gut contents of 55 individuals were analyzed after fixing the urchins in the field with 10 % formaldehyde diluted in sea water. A total of 13 specimens of Loxechinus albus, 14 of Arbacia dufresnei, 17 of Pseudechinus magellanicus and 11 of Austrocidaris canaliculata were collected. At the laboratory, the volumes of gut contents of all collected specimens were standardized to 60 ml, adding the same fixative. There subsamples of each sea urchin were analyzed. Each subsample was transferred to a reticulate Petri dish with 30 intersection points. The presence of the items at the intersection points provided an estimate of the relative abundance of the alimentary items in the diet of each of the sea urchin species. To calculate abundance, the total number of points intercepted by any taxa of food items were added for any given species of sea urchin.
RESULTS
The bathyrnetric distribution of the 4 species of sea urchins during the sampling months in the 2 forests of Macrocystis pyrifera in Puerto Toro are shown in Fig. 3 and 4. Depth increased at Punta Oriental from 0 to 16 m, with a slope of 32 % and average weight lost by the calcium sulfate blocks of 21.9 % of their original weight after 24 h of exposure. Zona Canalon had a depth range of 0 to 10 m, with a slope of 20 % and weight loss of calcium sulfate blocks of 16 %. Both stations have similar distribution of substratum ( Fig. 3  and 4) and somewhat similar densities of M. pyrifera individuals (1 to 5 plants 5 m-').
Loxechinus albus in Punta Oriental (Fig. 3) was found between 1 and 16 m deep extending across the whole belt of Macrocystis pyrifera. In Zona Canalbn (Fig. 4) it was found between 1 and 8 m depth, but it was absent from the most seaward border of the forest where the substrate was mainly sand. Pseudechinus magellanicus similarly extended in Punta Oriental along the whole forest while in Zona Canalbn it occurred between 1 and 8 m depth, but reached 5 m further seaward than L. albus. Austrocidaris canaliculata was restricted in Punta Oriental to depths of 4 to 12 m, while it occurred between 2 and 6 m depth in Zona Canal6n. In both places, therefore, the species was restricted to middle portions of the forest. Arbacia dufresnei was similarly found between 4 and 12 m depth in Punta Oriental and 2 and 8 m depth in Zona Canalon. With the exception of A. dufresnei, all other species of sea urchins exhibited less extended bathymetric distribution in the sheltered locality.
Loxechinus albus showed significant variations in the size of the test at different depths (Fig. 5) . The urchins found between 2 and 4 m depth were smaller than the specimens collected further beyond in the forest. Arbacia dufresnei showed the opposite tendency, the urchins found in the first part of the forest of Macrocystis pyrifera are bigger than the individuals collected in the deeper part of the forest.
A comparison of the values of density, biomass and size of the test among the populations of the 4 sea urchin species in both sampling sites indicated that Loxechinus albus was the most important species as far as biomass was concerned while Pseudechinus magellanicus had the highest density (Table 1 ). Both L. albus and P. magellanicus have the same range of distribution. Average densities of the 4 species of sea urchins in the 2 sampling transects ( Fig. 3 and 4 occurrence of each species of sea urchin in each of the crohabitat categories but with different probabilities. four microhabitat categories distinguished are sum-P. magellanicus occurs more frequently inside the marized in Table 2 . Pseudechinus magellanicus and holdfast of Macrocystis pyrifera, while A. canaliculata Austrocidaris canaliculata were found in the 4 miis more frequently found under boulders. Loxechinus albus was commonly found on boulders, less frequently found in rock crevasses or under boulders and never found inside the holdfasts of M. pyrifera. The abundance of the different food items found in 3 replicate dishes with gut contents of the 13 individuals of Loxechinus albus, 17 individuals of Pseudechinus magellanicus, 14 of Arbacia dufresnei and 11 individuals of Austrocidaris canaliculata examined are shown in Table 3 . Data indicate that L. albus had the most diversified diet of benthic algae, Macrocystis pyn'fera being the most frequent item. P. magellanicus consumed mainly M. pyrifera, whereas A. dufresnei and A. canaliculata contained other frondose benthic algae and sessile invertebrates; A. dufresnei was particularly notable with over 50 % of the gut content being serpulids and barnacles.
If the gut contents obtained in the 4 sea urchin species are grouped according to their nature, it is possible to distinguish 4 groups of food: (a) Macrocystis pyrifera fronds, which is the commonest item; (b) other frondose algae (mainly Gigartina skottsbergii, Halopteris hordacea, Lessonia spp., Epymenia falklandica); (c) calcareous algae (crustose coralline); and (d) invertebrates (barnacles, serpulids, sponges). These 4 categories together with the 4 microhabitat categories have been used as axes to characterize the utilization of these items by the 4 species of sea urchin graphically (Fig. 6 ) . Not a single pair of species of sea urchin has a complete overlap. The greatest overall similarity is shown by Pseudechinus magellanicus and Austrocidaris canaliculata. However, both species have a significantly different utilization of holdfast of M, pyrifera.
DISCUSSION AND CONCLUSIONS
Little is known of the factors regulating the pattern of distribution and the abundance of the several species of sea urchins occurring in the forest of Macrocystis pyrifera from southern South America. Previous studies (Mortensen, 1952; Pawson, 1965 Pawson, , 1966 Barrales and Lobban, 1975) have only reported on the taxonomic identity of these species, sometimes characterizing the type of habitat where they occur in a rather general way. Our results show that the 4 species of sea urchins studied change their range of bathymetric distribution from areas with low water movement to those with high movement. With the exception of Arbacia dufresnei all other species show a more restricted bathymetric distribution in sheltered areas. Further, all species of sea urchins, but Austrocidaris canaliculata, increased their densities in exposed areas.
The results of measurements of microhabitat used by these species of sea urchins indicate that with the exception of Pseudechinus magellanicus and Austrocidaris canaliculata there is low overlap in microhabitat used by them. P, magellanicus and A. canaliculata share a diversity of rather cryptic microhabitats such as crevices, under boulders and holdfast of Macrocystis pyrifera. Nevertheless, even though they have a high overlap, they show some segregation, thus A. canaliculata was more frequently found in crevices and under boulders while P. magellanicus occurred mostly in holdfast of M, pyrifera.
The and calcareous) and one of them, A. dufresnei, consumed mainly invertebrates (serpulid polychaetes, barnacles, sponges). Furthermore, according to a related experimental study performed in this Macrocystis bed, the fronds of M. pyrifera, the main food item in 3 of the sea urchin species, do not appear as a limiting resource. Indeed, Castilla and Moreno (1982) showed L. albus, one of the most conspicuous species of sea urchin in the belt, to be consuming mainly pieces of drifting fronds and having no significant effect on recruitment or survival of juvenile M. pyrifera. In addition, Santelices and Ojeda (1984) showed that the pattern of recruitment of M, pyrifera is determined mainly by the presence of adult canopy rather than by grazers. Even though experimental manipulation of these species is still needed in the beds of Macrocystis pyrifera of Puerto Toro to rule out definitively the importance of intraspecific competition as maintaining the present pattern of distribution, the available data suggest little overlap of these 4 species in microhabitat and high overlap food, a resource which does not seem to be limiting. 
